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cally and biologically weathered surrounds a central core of material
that has not been depleted of BTEX compounds.

The concentration of an individual petroleum hydrocarbon in so-
lution in ground water in contact with oily-phase hydrocarbon can
be predicted by Raoult's law. The solution concentration in water
should be proportional to the mole fraction of the hydrocarbon in the
oily phase. Assume that the weathered material is weathered be-
cause it is in effective contact with moving ground water that sup-
plied nutrients and electron acceptors, and the residual is not weath-
ered because it was not in effective contact and the supply of nutrients
and electron acceptors was inadequate. If partitioning between mov-
ing ground water and the weathered oily residual controls the con-
centration of hydrocarbons in the water, the 10-fold reduction in con-
centrations of benzene and BTEX compounds seen in the weathered
core material (Table 3) would produce the 10-fold reduction in con-
centrations of benzene and BTEX compounds seen in the monitoring
wells (Table 2).

Do Mass Transfer Effects Limit Development of a Plume?

The usual expectation for in situ bioremediation is total removal
of the contaminant from the subsurface environment. The extent of
remediation more commonly achieved is removal of the contaminant
from the circulated ground water.

In situ bioremediation merely accelerates the natural physical and
biological weathering processes that occur in the subsurface. The
oily material in most intimate contact with the circulated ground
water is weathered to the greatest extent. After extensive remediation
of the more transmissive regions, the release of contaminants to the
circulated ground water is controlled by diffusion and slow advec-
tion from the subsurface material that still contains significant quan-
tities of contaminants. The relationships are presented in Figure 10.

In such circumstances the disposition of contamination in the ground
water can only be understood as a dynamic system. This release may
best be described through the chemical engineering concept of a mass
transfer coefficient. As the circulated water passes through the weathered
spill, a certain quantity of hydrocarbon is transferred to the water;
the amount transferred is directly proportional to the exposure time
of the water in the contaminated area. If the circulated water con-
tains enough nutrients and electron acceptor to meet the demand of
the contaminants transferred from the fine-textured material, the plume
will be destroyed by biological activity as rapidly as it is produced.

When active remediation is stopped, the concentration of elec-